Improved detection limits for electrospray ionization on a magnetic sector mass spectrometer by using an array detector  by Cody, Robert B. et al.
Improved Detection Limits for Electrospray 
Ionization on a Magnetic Sector Mass 
Spectrometer By Using an Array Detector 
Robert B. Cody, Jun Tamura, Jeffrey W. Finch, and Brian D. Musselman 
JEOL USA, Inc., Peabody, Massachusetts, USA 
Array detection was compared with point detection for solutions of hen egg-white lysozyme, 
equine myoglobin, and ubiquitin analyzed by electrospray ionization with a magnetic sector 
mass spectrometer. The detection limits for samples analyzed by using the array detector 
system were at least 10 times lower than could be achieved by using a point detector on the 
same mass spectrometer. The minimum detectable quantity of protein corresponded to a 
signal-to-background ratio of approximately 2:l for a 500 amol/pL solution of hen egg-white 
lysozyme. However, the ultimate practical sample concentrations appeared to be in the 
10~100 fmol/pL range for the analysis of dilute solutions of relatively pure proteins or 
simple mixtures. (1 Am Sot Mass Spectrom 1994, 5, 194-200) 
E lectrospray ionization (ES11 [l-7] sources have been successfully interfaced to all common types of mass analyzers including quadrupole [3-81, 
time-of-flight [Y, lo], ion trap [ll], Fourier transform 
[12-161, and magnetic sector mass spectrometers 
[17-251. The low detection limits often reported for 
analyses with ES1 may result from the relatively low 
chemical background and from an enhanced detector 
response to multiply charged ions that have been ac- 
celerated to relatively high kinetic energies. 
The use of the ES1 method for detection of small 
quantities of analyte is described in the recent report 
by Wahl et al. [26] of the detection of amole-level 
quantities of a series of intermediate molecular weight 
proteins such as cytochrome c, myoglobin, and car- 
bonic anhydrase. These experiments were performed 
by using a scanning quadrupole mass spectrometer 
equipped with an ES1 source and a chemically modi- 
fied capillary electrophoresis (CE) column designed to 
permit sampling of small volumes of the analyte solu- 
tion. The experimental protocol called for the use of a 
30-PM solution of the proteins from which a small 
volume of sample was transferred onto a CE column. 
An estimated 600 amol quantity of each component of 
the mix was analyzed after separation by CE. It is 
difficult to define a true practical detection limit for the 
CE work because the experimental procedure requires 
that the sample be introduced onto the CE column 
from a highly concentrated solution. Although it is not 
yet feasible to handle total quantities of proteins in the 
amole range, this work demonstrates that very small 
quantities of proteins can be ionized and detected on a 
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routine basis by using CE/ESI mass spectrometry 
techniques. 
Other approaches are being investigated to reduce 
the detection limits for analyses with ESI coupled with 
various types of mass spectrometers. For example, 
Mordehai and Henion 1271 have reported the coupling 
of CE with ion spray (pneumatically assisted electro- 
spray) and an ion-trap mass spectrometer for the de- 
tection of small molecules. A signal-to-noise ratio of 15 
was reported for an injection of 150 pg (approximately 
670 fmol) of neostigmme. Verentchikov et al. [lo] have 
reported detection limits in the low femtomole range 
for proteins analyzed by ES1 coupled with a time-of- 
flight mass spectrometer. Fourier transform mass spec- 
trometry (FTMS) has demonstrated excellent resolu- 
tion for ES1 [12-141, and it has a potential for the 
detection of small numbers of multiply charged ions 
[1.5]. Some promising initial reports have appeared that 
suggest relatively low detection limits for FTMS. A 
recent example is the report by Guan et al. [16] show- 
ing the detection of femtomole-level quantities of pro- 
teins However, these figures appear to reflect an esti- 
mate based upon duty cycle of the number of ions 
injected into the mass spectrometer from a 3-10 
pmol/FL solution. The limiting detection limits for 
ES1 coupled with FTMS may ultimately be determined 
by improvements in sample handling and duty cycle. 
Efforts to use ES1 sources for magnetic sector mass 
spectrometers have emphasized the use of these in- 
struments for high-resolution and accurate mass mea- 
surements [17-231. For example, we have recently re- 
ported the use of a magnetic sector mass spectrometer 
to provide high-resolution and accurate mass measure- 
ments for a variety of compounds analyzed by ES1 
[22]. The present work attempts to examine the sensi- 
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tivity and detection limits for ES1 coupled with mag- 
netic sector mass spectrometry. 
Generally, the detection limits obtained with mag- 
netic sector mass spectrometers have not exceeded the 
limits observed with quadrupole mass spectrometers 
when both instruments are operated in the scanning 
mode with point detectors. The difference in sensitiv- 
ity is negligible for molecules with molecular weights 
of less than 25,000. Electrospray (and ion spray) on 
both magnetic sector and quadrupole instruments can 
often be used to detect analytes in the 100 pmol/pL to 
10 fmol/pL concentration range. However, a decrease 
in resolution has been observed for large ( > 30,000 Da) 
proteins analyzed with the magnetic sector mass spec- 
trometer [281. This was attributed to a difference in 
collision cross sections for the larger molecules, and 
this effect may hinder the detection of trace quantities 
of large proteins with a magnetic sector mass spec- 
trometer . 
A few preliminary reports have appeared on the use 
of array detection [29-331 to improve the detection 
limits for magnetic sector mass spectrometers [23-251. 
We have reported preliminary results for the ES1 anal- 
ysis of several proteins by using a magnetic sector 
mass spectrometer equipped with an array detector. 
Our preliminary investigations indicated that it is pos- 
sible to detect positive multiply charged ions from 
subfemtomole quantities of proteins by using array 
detection [23]. The minimum detectable quantity corm 
sponded to a signal-to-background ratio of 21 for 1 
fmol consumed from a 500 amol/pL solution of hen 
egg-white lysozyme. Dobberstein et al. [24] have re- 
ported detection limits for negative ions from several 
small molecules analyzed by using a magnetic sector 
mass spectrometer equipped with a position and 
time-resolved ion counting detector. In this work, a 
minimum sample consumption of 1 fmol was reported 
for a singly charged species, and a minimum sample 
consumption of 250 fmol was reported for a multiply 
charged species. Bateman et al. [25] have also reported 
product-ion mass spectra obtained by using a tandem 
mass spectrometer equipped with an array detector. 
However, no detection limits were reported for that 
work. 
As is evident from the efforts cited above, there is 
wide disparity in the reported sensitivity for ES1 which 
can often be traced to the different sample introduction 
methods, mass analysis conditions, and other varia- 
tions in experimental protocol. The detection limits for 
ES1 are often reported in terms of the amount of 
analyte consumed during the measurement period. 
That is, a known analyte concentration is continuously 
introduced, ionized, mass analyzed, and detected over 
a specific time period. The product of analyte concen- 
tration, flow rate, and analysis time is used to calculate 
the sample consumption. We have adopted this con- 
vention for the detection limits reported in this article. 
However, the analyte solutions were introduced by 
using a flow injector to restrict the sample consump- 
tion to the time period required for mass analysis. 
The following report offers a closer examination of 
the detection limits for ES1 with a magnetic sector 
mass spectrometer equipped with an array detector. 
Proteins are used as model compounds to study the 
detection limits for multiply charged compounds. A 
direct comparison is made between the point detector 
and the array detector for ES1 protein analyses, and 




Mass spectra were acquired with a JMS-HXllOA fJEOL 
Ltd., Akishima, Japan) forward-geometry double- 
focusing mass spectrometer equipped with an ES1 
source (Analytica of Branford, Branford, CT). The elec- 
trospray ion source is identical to the source described 
in a previous report from our laboratory [22]. The mass 
spectrometer has a maximum acceleration potential of 
7 kV when operated in the ES1 mode. 
The mass spectrometer was operated at an accelera- 
tion voltage of 5 kV. The mass spectrometer main slit 
width was adjusted to the theoretical value for a re- 
solving power of 1700 (full width at half maximum 
definition), and the intermediate slits were fully 
opened. In our experience, the actual measured resolu- 
tion values for a given slit setting differ from the 
theoretical values by only a few percent. All mass 
spectra were acquired by using a single analysis, with- 
out averaging of multiple spectra. Prior to installing 
the electrospray ion source, the mass spectrometer was 
calibrated with a (perfluoroalkyl) phosphazine mixture 
at a 5-kV acceleration potential in positive-ion and 
negative-ion fast-atom bombardment modes. These 
static calibrations (acquired at a scan rate of 90 s/scan) 
were used to step the magnet to the center mass values 
required for proper mass assignment with the array 
detector system. 
Array Detector 
The mass spectrometer ion optics have been modified 
by the addition of a quadrupole/octapole/quadrupole 
lens assembly (referred to as a quadrupole doublet 
or “QPD”) which permits the manipulation of the 
double-focusing objective of the spectrometer. The 
commercial implementation of the array detector sys- 
tem is similar to that described by H&l et al. [29], and 
the reader is referred to that work for a detailed 
description of the lens system. 
The array detector dispersion is adjustable to pro 
vide simultaneous detection over a mass range of 
approximately 5% to 25% of the center mass. For 
example, at a 10% dispersion and a center mass of 400 
Da, the mass range that can be simultaneously de- 
tected is 40 Da. Increasing the dispersion to 20% per- 
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mits the simultaneous detection of an 80 Da mass 
range at the same center mass setting. The dispersion 
is selected by adjusting the array detector angle and 
the potentials on the quadrupole doublet ion optic 
elements. The array angle and potentials of the ion 
optic elements are under computer control. The mass 
dispersion at a particular angle is determined experi- 
mentally by using a reference standard compound 
such as CsI or perfluoroalkylphosphazine, and this 
dispersion measurement is used together with the 
magnet stepping center mass tables to calibrate the 
mass range. 
Scan Conditions and Acquisition Times 
For the experiments in this report, the variable dis- 
persion array detector was set to a fixed 10% disper- 
sion. Mass spectra were acquired by setting the mass 
spectrometer magnet field to jump from successive 
center mass values which differ in mass by 10% with a 
small overlap (typically 1%) to ensure continuity be- 
tween segments. The last segment is a dark-current 
segment acquired with no ion current hitting the de- 
tector. The magnet stepping is controlled by the com- 
puter based upon a previously acquired slow-scan 
(“static”) calibration. Typical spectrum acquisition in- 
volves the collection of a sequence of 0.5 s exposures of 
the photodiode array collected at each mass interval. 
Following acquisition of each of the sequential seg- 
ments of the mass spectra, the segments are automati- 
cally gaincorrected, dark-current subtracted, and con- 
catenated to create a single continuous mass spectrum. 
The magnet was scanned for the point detector experi- 
ments at a scan speed of 37 seconds to cover the 
500-3000 Da mass range, with a 3 second dead time 
between scans. Two scans were added to provide a 
mass spectrum that was equivalent to an 8O-second 
total analysis time. The magnet stepping conditions for 
the array detector experiment were set to cover the 
500-3000 Da mass range in 24 segments at a fixed 10% 
dispersion. A l-second settling time allowed the mag- 
net to completely stabilize between magnet steps. The 
array detector integration time was adjusted to 2.2 
seconds for a total analysis time of 80 seconds. No 
significant information was observed in the mass range 
above 2000 Da, and therefore that section of the mass 
spectrum is not presented. 
Results and Discussion 
Electrospray Ionization Conditions 
Detection Limits for Infusions of Protein Solutions 
The detection limits were determined for the point 
detector and the array detector for solutions containing 
equine myoglobin, which has an average molecular 
weight of 16951.5 Da [34]. The ES1 mass spectra ob- 
tained from the analysis of 3 pmol/pL (8 pmol con- 
sumed during data acquisition) and 300 frnol/pL (800 
fmol consumed during data acquisition) solutions of 
myoglobin with the point detector are shown in Figure 
la and b, respectively. The major peaks in the spec- 
trum correspond to the expected multiply charged ion 
species ranging from [M + 13H]i3+ to [M + 21H]“+ 
for this protein. The ions near m/z 616 correspond to 
the singly charged, dissociated heme group. The charge 
state tends toward more highly charged species for the 
more dilute solutions; this is consistent with our expe- 
rience for other proteins [22, 231. The signal-to-noise 
ratios for the mass spectra are approximately 25:l and 
13:1, respectively. These values are estimated by using 
the most prominent peak to define the signal intensity 
and twice the standard deviation of the background 
level over a 50 Da region near that peak as an estimate 
of the noise. 
The analyte was dissolved in a 1:l water/methanol 
solution containing glacial acetic acid (2%). The sol- 
vents used for the dilutions were stored in Teflon-lined 
vials. Serial tenfold dilutions were made from 100 JLM 
stock solutions to provide solutions with the proper 
analyte concentration, and the most dilute samples 
were analyzed immediately after the dilution was pre- 
pared. The samples were diluted into polycarbonate 
tubes which had been previously washed with the 
electrospray solvent. The sample was introduced into 
the ES1 source either by infusion or by flow injections 
with a 20 PL loop injector. A syringe pump (Model 
210, Harvard Apparatus, South Natick, MA) provided 
a constant 2 pL/min flow rate for infusion or loop 
injections. The nitrogen drying gas in the ES1 source 
was maintained at 145 “C at a flow rate of approxi- 
mately 5 L/min for all ES1 measurements. 
Contaminants and interferences can cause problems 
for the detection of very small quantities of analyte, as 
evident from the relatively large interference peaks in 
the low mass region of many of the ESI/array detector 
mass spectra. The sample containers must be carefully 
washed with the electrospray solvent solution, and the 
most dilute analyte solutions should be analyzed im- 
mediately after preparation. Otherwise, sample losses 
due to adsorption of the analyte to the container walls 
can result in poor detection limits, and contaminants 
can obscure the detection of an unknown analyte. 
The ES1 mass spectra obtained from the array detec- 
tor analysis of the 300 fmol/hL and 30 fmol/pL 
solutions are shown in Figure lc and d. The amount of 
analyte consumed during acquisition was 800 fmol 
and 80 fmol, respectively. The signal-to-noise ratios for 
these mass spectra are 31:l and 13:1, respectively, 
estimated by using the same criteria applied to the 
point detector mass spectra. The more dilute solution 
shows the same trend toward increased charging that 
was described above for the point detector mass spec- 
tra. The ES1 mass spectrum for the solvent blank (Fig- 
ure le) shows that the large singly charged ion at m/z 
538 is a solvent-related contaminant. This solvent blank 
was obtained from the same solvent bottle that was 
used for the point detector measurements. 
Note that 300 fmol/pL was the most dilute solution 
analyzed by using the point detector, while 300 
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Figure 1. ES1 nwm spectra for infusions of myoglobim at solu- 
tion concentrations of (a) 3 pmol/pL (point detector), (b) 300 
fmol/~L (point detector), (cl 300 fmol/pL (array detector), Cd) 
30 tinol/~L (array detector), and (e) solvent blank (array de&- 
tar). 
fmol/pL was the most concentrated solution exam- 
ined by using the array detector. A comparison of the 3 
pmol/pL point-detector mass spectrum (Figure la) 
with the 300 fmol/l.cL array-detector mass spectrum 
(Figure lc) shows that the array detector is approxi- 
mately 10 times more sensitive than the point detector 
for these experiments. This estimate is supported by a 
comparison of the signal-to-noise ratios for the 300 
fmol/pL point-detector mass spectrum and the 30 
fmol/pL array detector mass spectrum (Figure lb and 
d). 
The low-mass peaks, including the background 
peaks and peaks for the heme group are very weak in 
the point-detector mass spectra, but they are quite 
prominent in the array detector mass spectra. This may 
be due to the use of postacceleration with the point 
detector, which reduces the natural sensitivity bias 
against heavy ions. The array detector does not make 
use of postacceleration, and therefore the array detec- 
tor may exaggerate the response to low-mass ions: It is 
significant that the isotopic peaks are resolved for the 
heme species in the array-detector mass spectrum of 
the 30 fmol/pL solution. The measured resolution for 
the isotope peaks is 1600 (full width at half maximum 
definition), which is in reasonable agreement with the 
theoretical resolving power of 1700 for the slit settings 
and the 10% dispersion setting for the array detector. 
The resolution of individual isotopic peaks can be very 
helpful in distinguishing small singly or doubly 
charged species from the multiply charged species 
arising from larger molecules, and this information can 
greatly facilitate the interpretation of the ES1 mass 
spectrum of an unknown at relatively low concentra- 
tions where interferences may be present. 
The minimum detectable quantity of myoglobin was 
determined by analyzing a 3 frnol/pL solution and a 
total sample consumption of 8 fmol. The mass spec- 
trum is shown in Figure 2. Three peaks can be clearly 
observed that correspond to the expected mass-to- 
charge ratios for the species having 19-21 charges. The 
presence of multiple charge states for proteins can 
often allow one to recognize these peaks ln the pres- 
ence of impurities that have only one charge state. It 
should be noted that an unrelated contaminant peak 
appearing at m/z 977 is nearly as abundant as the 
myoglobin peaks. This peak does not appear in the 
solvent blank, and its appearance in the myoglobin 
spectrum is attributed to trace contamination during 
the dilution of the analyte. The E’S1 mass spectrum was 
transformed by using the algorithm of Mann et al. [3] 
to produce the mass spectrum shown in the inset for 
Figure 2. The transformed mass spectrum combines 
the signal from each charge state into a single peak 
that corresponds to the mass of the uncharged molecu- 
lar species. The transformation is especially helpful for 
interpreting ES1 mass spectra near the detection limits 
because the transformation sums the intensities for the 
different charge states. This emphasizes the signal from 
several multiply charged species from the protein rela- 
tive to singly charged interference ions such as the 
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Figure 2. ES1 mash spectrum acquired with the array detector 
for infusion of a 3 fmol/@L solution of equine myoglobin. Inset: 
Transformation of the mass spectrum by the “deconvolution” 
algorithm of Mann et al. [31. 
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nized that this emphasis can be lost for very complex It should be noted that a minimum of two charge 
mixtures [35]. The molecular weight was determined states must be observed to determine the molecular 
from the transformed mass spectrum to be 16952.9 Da, weight from multiply charged species in the mass 
which differs by only 1.4 Da from the theoretical spectrum of an unknown. The minimum detectable 
molecular weight. The peak appears to contain two quantity of lysozyme was determined for array detec- 
other components. If these are real species, then the tion of a 500 amol/wL solution and a total sample 
masses are approximately 16 Da and 22 Da higher than consumption of approximately 1 fmol. Although the 
the main component suggesting a species with an peaks are near the noise level and have poor peak 
oxidized methionine and a sodium adduct. However, shapes, the [M f 10H]rot and [M + llH]“+ species 
it is equally likely that these are artifacts due to the are clearly discernible (Figure 3d). At this level, several 
low signal-to-noise ratio. contaminant peaks appear that are as abundant as the 
Similar detection limits were observed for other lysozyme peaks. However, the unresolved isotope dis- 
protein solutions. Serial tenfold dilutions were made tributions result in wider peaks for the multiply 
for hen egg-white lysozyme (average molecular weight charged lysozyme species than are observed for singly 
14,305.16 Da [22]) starting with a 10 pmol/pL charged low-mass interferences. Although this mass 
lysozyme stock solution. Mass spectra were acquired 
starting with the most dilute solution and ending with 
the most concentrated solution. The ES1 mass spectra 
obtained by using the array detector are shown in 
Figure 3aad, and the mass spectrum of the solvent 
blank is shown in Figure 3e. Note that the m/z 53X 
contaminant present in the solvent blank for the myo- 
globin dilutions was absent from the solvent blank for 
the lysozyme dilutions. This is attributed to the fact 
that the myoglobin and lysozyme measurements were 
taken several months apart and different bottles of 
solvent were used in preparing the solutions. The 
signal-to-background ratio obtained from the analysis 
of the’100 fmol/pL solution by using the point detec- 
tor (not shown) was approximately 5:l while the 10 
spectrum illustrates the minimum detectable quantity 
of lysozyme and it clearly indicates the presence of the 
known protein, it is doubtful that a mass spectrum 
with this signal-to-noise level would be useful in es- 
tablishing the identity of an unknown. Note that the 
slightly better detection limits for lysozyme compared 
to myoglobin may result from the narrower charge 
distribution for lysozyme. We normally observe three 
to five prominent charge states for ES1 of hen egg-white 
lysozyme, and we normally observe four to sixteen 
charge states for equine myoglobin [22]. The signal-to- 
noise ratio for the peaks for individual charge states 
will be reduced if the total ion current from the analyte 
is distributed over a large number of charge states. 
fmol/,uL solution analyzed by using the array detector 
(Figure 3c) had a signal-to-background ratio in excess 
Sample Consumption and the Handling of SmaZl 
of 1O:l. These measurements were repeated three times 
Sample Quantities 
over the course of one year by using different array The detection limits reported in the preceding discus- 
detector assemblies and electrospray ion sources, and sion were obtained under optimal conditions. That is, 
the same detection limits were observed each time. the analyte solution was introduced by infusion and 
the mass spectrometer and ion source were tuned to 
provide the maximum ion signal just prior to the 
acquisition of the mass spectra. This procedure may 
not be possible for the analysis of limited quantities of 
an unknown. ‘The normal procedure is tn optimize the 
mass spectrometer performance for a reference Stan: 
dard compound and to use these conditions for the 
analysis of the unknown component. This approach 
was tested by tuning the mass spectrometer and the 
c electrospray ion source to maximize the signal for a 
100 fmol/pL solution of hen egg-white lysozyme. 
These conditions were then used without any further 
tuning or readjustment to analyze a simulated “un- 
known” solution containing 20 fmol/pL of ubiquitin 
(average molecular weight 8564.9 Da). 
The resulting mass spectrum shown in Figure 4 
Ii00 
m/z 
Figure 3. ES1 mass spectra acquired with the array detector for 
infusions of hen egg-white lysozyme at solution concentrations of 
(a) 10 pmoljpl, (b) 100 fmol/~L, (c) 10 fmol/~L, (d) 500 
~mul/‘/.rL. and (c) I? (oolvent blank). 
contains several peaks that can be readily assigned to 
the multiply charged species for ubiquitin. However, 
the low-mass region also contains very large singly 
charged peaks resulting from the chemical back- 
ground. The charge state of these peaks can be easily 
determined by examining the separation between adja- 
cent isotopic peaks (to be discussed below). Contami- 
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nant peaks at higher mass-to-charge ratios values, such 
as the peak near m/z 1500, do not show multiple 
charge States and can be recognized as distinct species 
from the multiply charged proteins. These interference 
peaks are believed to originate from contaminants re- 
maining in the plastic vials used to prepare the sample 
dilutions. The observation of these peaks emphasizes 
the need for contamination-free containers and sol- 
vents when the detection of trace-level amounts of 
analyte is desired. This concern has led to the develop- 
ment in our laboratory of a stricter sample handling 
protocol for trace analyses by ES1 and array detection. 
In general, the muttiply charged species produced by 
ES1 of the protein solutions tend to have mass-to-charge 
ratios that are higher than those of the major contami- 
nant ions. Nevertheless, the contribution of chemical 
interferences to the background “noise” level cannot 
be dismissed. 
The definition of detection limits in terms of the 
“amount consumed” may be misleading in describing 
the minimum sample quantity that is required to ob- 
tain a useful molecular weight. A relatively large 
amount of sample may be introduced during sample 
introduction by infusion. The definition in terms of 
“amount consumed” also ignores sample losses that 
can occur in the dead volume of the plumbing connec- 
tions to the electrospray interface. To test the utility of 
the array detector for the analysis of trace levels of 
proteins under conditions that simulate the high sam- 
ple volumes of a routine service laboratory, we mea- 
sured equine myoglobin without any optimization or 
retuning after the mass spectrometer had been run in 
electrospray mode for 8 hours. A loop injection of 10 
FL of a 44 frnol/~L solution of equine myoglobin 





Figure 4. ES1 mass pectra cquired with the array detector for 
infusion of a 20 fmol/yL solution of ubiquitin. Sample c011surn~ 
tim was 20 fmol. 
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required for the analyte to reach the mass spectrometer 
was determined for a reference compound, and the 
mass spectrum was acquired with the array detector 
by integrating over the entire elution time (5 minutes) 
for the analyte. The total amount of sample injected 
was 440 fmol. Seven peaks that correspond to multiply 
charged species from myoglobin can be detected above 
the noise level. The presence of seven consecutive 
charge states for myoglobin makes it possible to iden- 
tify the multiply charged protein in spite of the pres- 
ence of interference peaks in this mass range that do 
not exhibit multiple consecutive charge states. Trans- 
formation of the mass spectrum by the algorithm of 
Fenn and co-workers [3] gave the mass spectrum 
shown in the inset in Figure 5. The 440 fmol total 
sample quantity probably provides a more realistic 
estimate than the estimate reported for the example in 
Figure 2 of 8 fmol “amount consumed” as the mini- 
mum total amount of sample that would be required 
for an analysis. 
It is our opinion that, in addition to the type of 
detector used, the major factors that determine the 
detection limits for these experiments are the chemical 
background, the ionization efficiency of the electro- 
spray source, and the transmission of the ions from the 
ES1 source into the mass spectrometer. Some reduction 
in the detection limits may be possible by increasing 
the array detector dispersion to permit integration over 
a wider mass range at the expense of resolution. This 
will permit faster spectrum acquisition and/or longer 
integration times. Reducing the number of segments 
required to cover the desired mass range can signifi- 
cantly reduce the time requirements and sample con- 
sumption. Some improvement may also be possible by 
reducing the l-second dead time between magnet steps 
to a smaller value. Dead times of 200-300 ms have 
been tested and found to produce high-quality mass 
spectra. 
mh 
Figure 5. ES1 mass spectrum acquired with the array detector 
for a 10 ~1 loop injection of a 44 fmol/~L solution of myoglobin. 
Inset: Transformation f the rnas~ spectmn by the “deconvolu- 
tion” algorithm of Mann et al. [31. 
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